Previous studies (1, 2) in normal and irradiated dogs employing the technique of leukopheresis have suggested some hitherto unknown relationships between the number of circulating leukocytes and the reserves of these cells elsewhere in the body. By way of introduction and as background for the data to be presented it is necessary to review briefly and interpret some of these findings.
The acute response to the production of severe leukopenia by leukopheresis is qualitatively similar from animal to animal and is divisible into three phases. When leukopheresis is terminated there is a delay before the peripheral white blood cell count begins to rise (phase I). Following this there occurs a linear rise in peripheral blood count over a six to eight-hour period (phase II). After a slower rise to a peak peripheral white cell count, usually 150 to 200 per cent of baseline, the white cell count stabilizes at this new level for several hours (usually 24 to 36); this last period is denoted as phase III. Phase I, or the delay period before the white blood cell count begins to rise, is not observed unless the count is reduced to 1,500 or 1,000 cells per mm3. Less marked degrees of leukopenia, induced by slower rates of clearance of white cells from the peripheral blood, may be maintained by continued leukopheresis for several hours but are not followed by the period of sustained leukopenia (phase I). This is in spite of the removal of many more cells than would be obtained during a short, rapid leukopheresis which produces marked leukopenia. On the other hand, phase I is observed after marked (1,500 per mm8 or less) leukopenia no matter how long leuko-pheresis is continued after leukopenia is induced. For these reasons phase I is thought to reflect a more rapid rate of dispersal of leukocytes to the periphery which offsets the accelerated entry of cells from the marrow into the circulation. In other words, the evidence suggests that the change from a stationary leukopenia (phase I) to a rapidly rising level (phase II) is due to a sudden alteration in the rate of distribution of leukocytes to peripheral tissues. Once this "priming" has occurred in phase I, the blood white cell count begins to rise rapidly, reflecting the accelerated entry of leukocytes into the circulating blood.
Phase II represents a period of greatly accelerated entry of leukocytes into the peripheral blood, which continues until the new maximum is reached. Rapid leukopheresis with the removal of large numbers of cells may be carried out for a prolonged period without the production of leukopenia if the procedure is instituted during phase II (see Figure 2) .
Phase III represents a period of entry of leukocytes into the peripheral blood which has slowed to approximately that at time zero. Leukopheresis instituted during phase III results in the same degree of leukopenia produced by the same rate of leukopheresis as carried out initially. In most animals this type of response occurs repeatedly until about the third or fourth day. By this time acceleration in the growth of myeloid tissue has occurred so that the delay after cessation of leukopheresis is shorter and the leukocytosis develops more rapidly. The maximal white cell count in the peripheral blood after leukopheresis on the third day varies from animal to animal; in most it is similar to the level after previous leukophereses, in some it is higher and in others it is lower. All animals show a slower, progressive rise to leukopheresis is qualitatively similar, as shown in Figure 5 . A fundamental relationship seems to prevail between the leukocyte reserves and the degree of leukocytosis which develops after leukopheresis. The removal of leukocytes from the peripheral blood calls forth the release of cells from the marrow until a new level has been attained. The height of the new level depends upon the size of the reservoir of leukocytes. In the irradiated animal the level becomes progressively lower as the marrow reserve falls. Nevertheless, the same pattern prevails and leukocytes are released into the circulating blood in some sort of proportion to the number of cells held in reserve.
The (2) , and the results in one splenectomized dog ( Figure 6 ) did not differ significantly from normal.
The size of the marrow leukocyte pool has been estimated to be as much as 100 times that of the circulating blood (exclusive of marrow) (3, 4).
Certainly our earlier experiments in irradiated dogs (1, 2) suggest there are sufficient numbers in the marrow to replace those circulating many times over.
Aside from the marrow the main source of leukocytes to be considered is the extramedullary, extravascular mass of leukocytes. Osgood, for example, (5) estimates that the numbers of leukocytes in such areas are so vast as to be many times the numbers in the marrow and blood. Whether leukocytes which have migrated out of the vascular tree can reenter in sufficient numbers to affect the acute response to leukopheresis is unknown. However, this appears improbable from previous work (2) . A heavily irradiated dog, rendered leukopenic by repeated leukopheresis so that fixed agranulocytosis was present showed large collections of leukocytes in peripheral areas of infection in the lung and elsewhere. These leukocytes did not reenter the circulation during or after leukopheresis.
The present experiments were directed pri- marily at the question of the source of those leukocytes contributing to the leukocytosis following leukopheresis. For this purpose the rate of entrance of newly formed leukocytes from the marrow has been studied, employing p32 incorporation into leukocyte DNA. Previous works by Kline and Cliffton (6) and Ottesen (7) adequate. In the case of less rich sources, leukocytes were separated from whole blood by means of dextran (Commercial Solvents, av. molecular wt. 120,000). Fifteen ml. of 6 per cent dextran per 25 ml. blood was found to give optimal separation. After sedimentation of the red cells the supernatant plasma was centrifuged at 800 to 1,000 r.p.m. for 15 minutes in an International 2 centrifuge to pack the leukocytes and leave the platelets in suspension. After washing twice with saline the leukocytes were diluted to a specific volume, mixed thoroughly and counted in quadruplicate. The theoretical amount of DNA in the cell suspension could thus be calculated.
The leukocytes were then washed with 1 per cent citric acid until the supernate was clear and then homogenized for 5 minutes in 1 per cent citric acid. They were then * washed twice, or until the supernatant fluid was clear, with 0.2 per cent citric acid and twice with cold saline. The separated nuclei were subjected to a procedure involving the dissociation of nucleoprotein with 30 per cent sodium xyiene sulfonate at pH 7, deproteinization by dilution, filtration, and adjustment of pH to 3.8 and precipitation of the DNA from neutral solution with isopropyl alcohol. The details of this procedure will be published subsequently by Dr. Simmons and will be the subject of a separate report concerning leukocyte nucleic acids from this laboratory.
The yield of DNA was determined by the diphenylamine reaction and by ultraviolet spectroscopy using pure DNA supplied by Dr. Simmons as standard. Organic and inorganic phosphorus determinations were made on each specimen and in all instances the former checked closely with the yield of DNA. Inorganic phosphorus amounted to less than 10 per cent and the counts of radioactivity were corrected for the small amount present. RNA contamination, as determined by the orcinol reaction, was less than 5 per cent. Quantitative chromatography 4 showed negligible RNA contamination on selected samples. An example of a chromatogram is shown in Figure 7 .
The P' employed was obtained from Abbott Laboratories. P ' Figure 2 . However, repeated leukopheresis does lead to some acceleration in the time of appearance of significantly labeled leukocytes, as is shown in Figure 10 . These results are compatible with a large marrow pool of mature leukocytes which precede the entry of those cells which incorporated p82 during the process of DNA synthesis. The same type of data is shown in more detail in Figure 2 . Figure 11 shows the curve of specific activity of DNA phosphorus of a normal dog previously subjected to leukopheresis for 3 days before giving the isotope. The maximum of specific activity occurred 24 hours earlier than that of normal dogs not subjected to leukopheresis which suggests the more rapid release of leukocytes from the marrow at this time. This would be expected from the stimulation of leukopoiesis brought about by leukopheresis on three successive days.
Leukopheresis was carried out in three normal animals at a time when those leukocytes whose DNA was maximally labeled with p32 were still in the marrow but shortly before they would be normally released in significant numbers. These dogs were leukopheresed on the third day after being given 500 jc. P32 intravenously. At this point those cells coming from the marrow should have a high specific activity, while cells which were in peripheral areas of storage should contain negligible amounts of P32 labeled DNA. Because of this difference in degree of labeling of marrow and peripheral leukocyte pools it should be possible to determine the source of leukocytes contributing to the response to leukopheresis. Figures 12 and 13 show the results in two of these animals. The third showed an identical response to Figure 13 . All dogs showed a relatively low specific activity of leukocyte DNA P in those cells removed during the first leukopheresis. There was a marked rise in specific activity of circulating leukocyte DNA P during the next few hours when the leukocyte count rose after cessation of leukopheresis. It is clear, therefore, that a high percentage of the cells contributing to phase II came from the labeled marrow leukocyte pool.
Both dogs showed a fall in specific activity of leukocyte DNA P from this peak the next day. Dog 20-72 (Figure 12 ) showed very little change in specific activity incident to the second or third leukopheresis. However, Dog 36-70 (Figure 13) Therefore, the response to leukopheresis is believed to represent an accurate measure of the capacity of the marrow to supply the peripheral blood with leukocytes. These findings may be correlated with previous data in irradiated animals (2) for myeloid leukocytes if a sudden demand, many times greater than the resting requirement, were imposed before marrow myeloid hyperplasia had taken place. The marrow reserve affords a huge buffer between supply by growth, which is fixed within certain limits, and demand, which may vary widely. The rate and degree of replenishment of the peripheral blood with leukocytes under conditions of increased need is initially geared to the marrow reserve and not to the rate of growth of myeloid tissue. Thus, heavily irradiated animals respond to leukopheresis with a rapid and marked leukocytosis, until the marrow reserves become depleted. Even after marked depletion of the marrow and peripheral leukopenia, the stimulus associated with leukopheresis leads to release of cells from the marrow, but the rise peripherally is very slow and the maximum is very low. The mechanisms involved in the accelerated release of cells from the marrow reserve induced by leukopheresis remain to be investigated. Whether the primary stimulus is a change in the level or concentration of leukocytes in the peripheral blood or the actual increased removal of cells is not entirely clear. However, the results in irradiated dogs (see Figure 5 , for example) suggest that the removal of cells represents a stimulus over and above that of leukopenia itself. Thus, in this animal who was leukopenic at the time leukopheresis was instituted (2,070 per mm.3), the marrow responded by releasing cells more rapidly until a new maximum was reached. The mode of transmission of the stimulus to the marrow resulting in accelerated release of leukocytes from the reserve is presumed to be humoral. However, attempts to detect such a humoral agent have been fruitless thus far.
These experiments have provided some background for further study of leukocyte physiology. It is hoped that the information relating leukopoiesis, marrow reserve and peripheral blood leukocytes will aid those interested in derangements in leukopoiesis and leukemia. SUMMARY 1. The concept is presented that the majority of leukocytes which contribute to an acute leukocytosis are released from areas of storage. Increased production of leukocytes by acceleration of leukopoiesis occurs only after considerable delay, which in the case of the dog subjected to repeated leukopheresis is about three to four days.
2. Evidence is presented that the chief source of mature leukocytes taking part in an acute leukocytosis, such as that observed following leukopheresis, is the marrow reserve. This evidence was obtained by taking advantage of the delay before leukocytes whose DNA becomes labeled with P32 during growth move from the marrow into the peripheral blood.
3. Preliminary results of the rate of DNA synthesis in dog neutrophile leukocytes are presented, employing a new method of desoxyribose nucleic acid extraction. These results suggest a shorter life span for this cell in the dog than that reported by others for man.
4. The data are briefly discussed and a concept is formulated which clarifies the relationship of the marrow reserve of leukocytes to those in vascular and extravascular areas. 
